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(54) Punch press drive device 

(57) A device that inaeases the range of speeds at 
which the servo-motor may be used and stops insuffi- 
cient output at times of slow speed. 

An intermediate terminal is arranged in a primary 
winding as an output characteristic adjustment means 
that adjusts the torque with respect to the speed of the 
servo-motor. A switching control means is arranged that 
switches the connection of the power supply from the 
final terminal to the intermediate terminal when the 
punch speed exceeds a predetermined speed. 
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Description 

Field of the Invention 

The present invention relates to a punch press drive s 
device that drives a punch with a servomotor as a drive 
source. 



Background of the Invention 
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In order to decrease the noise and increase the 
processing quality on a punch press, the changing of 
the punch speed mid-stroke has been requested. A 
device where the punch speed can be changed has 
been realised on each type of hydraulic press but the is 
equipment necessary tor hydraulic systems are compli- 
cated ard expensive. Due to this, instead of a hydraulic 
press type system, a system using a servomotor has 
been developed as a punch press drive device having a 
simple anrangement which is able to change the punch 20 
speed mid-stroke. 

A three phase type induction motor as shown as a 
primary winding in Figure 4A is used as this servomotor. 
This type of servomotor has output properties as shown 
by the curve p in Figure 4B where the output (watts) is ss 
proportional to the speed (rotation count). When this is 
used for driving a punch press, it is used in a speed 
range from the motor speed Nl' where the minimum 
output Wl necessary for accurate punch processing is 
possible is obtained to the maximum motor speed Nb* so 
where the linearity of the output curve p is maintained. 

However, in punch processing, high speed punch 
actions are required for a nibbling process or the like 
where shearing of the work is performed by continuous 
punching and an increase in speed of the punch ss 
processing is difficult in the aforementioned speed 
range (N|,' - Mb*). If the servomotor is such that the pro- 
poilion of output change to the speed change is small 
(the slope of the curve p of Rgure 4B is less steep), high 
speed processing becomes possible but the output at 40 
low speed is insufficient. 

Summary of the Inventkm 

In order to solve the aforementioned problems, it is 45 
an object of the present invention to propose a punch 
press drive device that is able to increase the range of 
speeds at which the servomotor may be used and 
renx)ve the output insufficiency at low speeds. 

Another ol^ject of the present invention Is a punch so 
press drive device whereby the output characteristics of 
the servomotor may be changed by a simple arrange- 
ment. 

A further object of the present invention is a punch 
press drive devtee which achieves a reductton in energy ss 
consumption and reduces wasteful output. 

The arrangement of the present invention will be 
described with reference to Figure 1 corresponding to 



an entofiment This punch press drive device drives a 
punch 5 by a sen^motor 2 and is ananged with a output 
characteristic adjustment means 11 B for adjusting the 
torque with respect to the speed of the servomotor 2 
and a control means for controlling that output charac- 
teristic adjustment means. The control means k)wers 
the characteristics of the torque when the speed of the 
punch 5 exceeds a predetermined speed. 

In general, a servonrxytor 2 has characteristics 
whereby the torque is unHbrm and the output propor- 
tional to the motor speed. The relationship 
between the motor output and torque is 
Outputs Coefficient X Torque X Speed. Due to this, 
output insufTiciendes are prevented at low speeds by 
the aforementioned arrangement due to the operation 
as output characteristics whereby the torque increases 
witti respect to tiie speed. Furthermore, when the speed 
increases, a speed where the linearity of the output 
change with respect to the speed is obtained, is 
obtained up to tiie high speed range and high speed 
operation is then possible by changing tiie output char- 
acteristics such tiiat tiie torque is lowered. At times of 
high speed, a large output may be obtained even if ttie 
torque is small tiius there is impediment to punch 
processing even if the torque is towered. 

On the aforementioned arrangement, the output 
characteristic acyustment means 1 1B may conprise at 
least two terminals arranged on the primary winding 10 
of ttie savomotor 2 and the switching control means 1 6 
may be able to SAntch the tenrdnals 1 1 A,1 1 B that con- 
nect the power supply 14 to ttie primary winding 10. 
Due to tills, the output characteristics may be easily 
changed by a simple arrangement 

Furthermore, when the entire length of the primary 
winding 1 0 is used, the switching control means 16 may 
be able to perform switching when the motor speed at 
which the mirumum necessary output is obtained is 
reached even If only tiie winding part 10b as far as tiie 
terminals 11B are used. When tiie entire length of tiie 
primary winding 10 is used, there is no interference to 
operatbns even if the motor characteristics are 
switched within the maximum range where linearity of 
tiie curve of the output wfth respect to the speed is 
obtained. However, by perfornting switching when tiie 
motor speed at which the minimum necessary output is 
obtained is reached even if only the winding part 10b up 
to tiie terminal 11B is used as witii tiiis arrangement, 
tiie period of operation under low torque increases and 
tiie power usage is economised. 

Brief Description of the Drawing 

Rgure 1A is a schematic diagram of the punch 
press using the punch press drive device being a first 
embodiment of tiie present invention, and Rgure 1B is 
an explanatory drawing of the arrangement of that 
punch press drive devica 

Figure 2A is a graph showing tiie features of output 
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against the speed of the servomotor, arxl Figure 2B is 

an explanatory drawing showing the change in torque 
when the characteristics of the servoniotor are 
switched. 

Figure 3A is an explanatory drawing showing the 
torque with respect to the speed of the servomotor, and 
Figure SB is a graph showing the features of output 
against the punch speed of the punch press. 

Rgure 4A is a circuit dagram showing a primary 
winding of a conventional servomotor, and Figure 4B is 
a graph showing the features of output against that 
speed. 

Detailed Description of the Prelen^ed Embocfiments 

A first embodiment of the present invention will be 
described based on Figures 1 through 3. 

A punch press 1 converts the rotational output of a 
servomotor 2 to a vertical movement of a ram 4 via a 
movement conversion system 3 and performs punch 
processing of work W b^een a punch 5 linked to the 
ram 4 and a die 6. The punch 5 and die 6 are arranged 
on an upper and lower tun-et 7,8. The movement con- 
version system 3 comprises a crank system that con- 
verts the rotation of the servomotor 2 to a reciprocal 
linear movement in the horizontal plane, and a toggle 
system (neither shown in the drawings) that converts 
that converted reciprocal linear movement into a vertical 
reciprocal linear movement of the ram 4. 

The servomotor 2 is controlled by a computer type 
NC device 9 that controls the entire punch press 1. The 
NC device 9 is provided with a programmable controller. 

The servomotor 2 oonprises a three phase induc- 
tion motor and the primary winding being the stator 
wirding is a Y-shaped connection as shown in Rgure 
IB. The winding 10 of each phase of the primary wind- 
ing are divided into a plurality fin this embodiment, 2) of 
wincfing parts 10a. 10b connected in series fay the 
arrangement di intermediate terminals 1 1 B. The output 
characteristic adjustment means for adjusting the 
torque with respect to the speed of the servomotor 2 is 
comprised of these intermediate terminals 11B. Con- 
nection of the final terminal 1 1 A and intemiediate termi- 
nal 11B of each phase to the power source 14 is 
possible by switching a switch 15 of each. 

These switches 1 5 are switched by a switching con- 
trol means 16. The switching control means 16 is com- 
prised of electronic circuitry, switches the connection 
from the terminal 11A to terminal 11B by determining 
from the detected value of the detection means 17 of 
the motor speed that the speed of the punch 5 has 
exceeded the predetermined speed, and performs 
operations that re-switch to the original connection state 
when the speed of the punch drops below the predeter- 
mined speed. The aforementioned predetermined 
speeds at which contact switching of the speed 
increase times and speed processing times is per- 
formed may be set at different values to each other. The 



predetermined speed at speed increase times may be 
the speed described hereafter in detail. In short even 
with use of the primary winding 10 up to the intermedi- 
ate terminal 1 1 B, the motor speed is such that the mini- 

5 mum necessary output (Rgure 2A) is obtained. 

Hereafter, the actions of the aforementioned 
an-angement will be descrit^ed. 

The output characteristics of the output (watts) with 
respect to the motor speed (rotation count) when all the 

10 wires 10a,10b of the primary winding 10 of the servo- 
motor 2 are used is as shown by the curve a in Rgure 
2A and maintains linearity (proportional relationship) 
until the speed Nc. The output characteristics of when 
only the winding part 10b is used by connection to the 

IS intermediate terminal 11B forms a sk>pe gentler than 
the curve a as shown by the curve b in the figure and 
maintains linearity from the aforementioned speed Nc 
until the high speed Nd. The torque of the servomotor 2 
is uniform with respect to the speed as shown in Rgure 

20 3 A when all windings are in the utilized state and in 
comparison with the torque Tc of when all the winding 
parts 10a,1Ctt> are used, the torque Td is k3wer when 
only one part of the winding part 10b is used. In this 
way. the characteristics of the output with respect to the 

2S speed of the servomotor 2 may be changed by witch- 
ing of the connected terminals 1 1 A, 1 1 B. 

When the driving of the sen/omotor 2 starts, the 
switch 15 is connected to the terminal 11 A side and all 
the wires lOa.lOb of the primary winding 10 are used. 

30 At this time, correct operation is possible from the speed 
t^i where the output shown on the curve a has reached 
the minimum output necessary for punch process- . 
ing. to the speed Nc of the maximum output where line- 
arity is maintained but the switching of the switch 15 is. 

35 periormed at speed Nb before speed Nc is reached. 

Speed Nb is the speed when the motor output 
shown on the curve b has reached the minimum neces- 
sary output when only the winding part 10b of up to 
the intermediate terminal 1 1 B is used. Thus linearity is 

40 maintained up to the high speed M more than the max- 
imum speed Nc where linearity is maintained when the 
entire winding is used by changing the motor character- 
istics by reducing the used part of the winding 10. Due 
to this, the range of speeds of the servomotor 2 which 

45 may be used increase to Nl - Nd (A+B). In particular, 
the high speed range increases and accordingly, high 
speed punch processing is posslt>le for nibbCng 
processing or the like. 

When only the winding part 10b is used, the torque 

so is reduced as shown by the cunre Td in Rgure 
3A and Rgure 2B but the reiationsh^) 
between the motor output and the torque is 
(Output) s (Coeffident) x (Torque) x (Speed) and 
when only the winding part 10b is used, it is at high 

55 speed thus there is no output insufficiency. 

The removal force of the punch press 1 shows uni- 
form output characteristics with respect to the punch 
speed as shown in Rgure 3B and by changing the char- 
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acteristics of the servomotor as previously described, 
the characteristics of the servomotor 2 become similar 
to the press characteristics and provide effective use of 
the servomotor 2. 

The switching of the output characteristics is per- 
formed at tiie speed Nb where the minimum necessary 
output Wi, Is obtained with only the winding part 10b 
and this speed Nb is slower than the maximum speed 
Nc of when the entire windng is used but due to this 
early switching, tiie period when low torque is used 
increases and there is energy conservation by reducing 
wasteful power consumption. 

It should be noted that in the aforementioned 
entediment. the intermecfiate terminal 11B is at one 
place in the center and tiie winding 10 has been split in 
half but the location where the intermediate tenninal 
11 B is arranged may be at any desired place in tiie 
winding 10 in order to obtain ttie desired output charac- 
terislics. an intemiedtate terminal 1 1 B may be ananged 
in a plurality of places and switching between more tiian 
three output characteristics is possible. 

Furthermore, the arrangement whereby the output 
characteristic of the servomotor is changed is not lim- 
ited to an an^angement anranged with intermediate ter- 
minals 11B and may comprise a variety of 
arrangements. Furthermore, ttie pres^ invention is not 
limited to tiie case where the servon^or 2 is a ttiree 
phase induction motor and a two ptiase induction motor, 
synchronized mota or direct current motor may be 
i^ed. 

As the punch press drive device of tiie present 
invention is a punch press drive device that drives a 
punch by a servomotor, is ananged wrtii an output char- 
acteristic adjustment means for adjusting the torque 
witti respect to the speed of ttie servomotor and also a 
switching control means for oontrolfing tiiat output char- 
acteristic adjustment means so as to reduce the torque 
characteristics when the speed of the punch exceeds a 
predeternvned speed, the range of speeds in which the 
servomotor may be used inaeases and there is no 
insufficient output at low speed times. 

When the output characteristic adjustment means 
conprises at least two terminals arranged in the pri- 
mary winding of the servomotor and the switching con- 
trol means switches tiie temrdnals tiiat connect the 
power supply to the primary winding, the output charac- 
teristics of ttie servomotor may be changed by a simple 
arrangement 

Furtiiermore. when tiie entire lengtii of tiie primary 
winding is used, when the switching control means per- 
forms switching when the motor speed is reached such 
ttiat ttie minimum necessary output is obtained even if 
only a part of the winding up to the intermediate terrni- 
nal is used, operation witti wastefully large torque may 
be avoided and tiie power consumption may be econo- 
mised. 
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A punch press drive device that drives a punch by a 
servomotor, having an output characteristic adjust- 
ment means for adjusting the characteristics of the 
torque witii respect to the speed of tiie servomotor, 
and a control means for controlling the output char- 
acteristic adjustment means. 

A punch press drive device as in dalm 1, wherein 
the output characteristic adjustment means com- 
prises at least two terminals arranged in ttie pri- 
mary winding of ttie servomotor and the control 
means changes ttie length of winding tiiat tiie pri- 
mary winding utilizes by selecting the terminals. 

A punch press drive device as in claim 1 . wherein a 
detection means for detecting tiie speed of tiie 
punch press is arranged and when the speed of ttie 
punch exceeds a predetemtined speed by tiie 
detection means, ttie control means controls ttie 
output characteristic adjustment means so as to 
lower the characteristics of the torque. 

A punch press drive device as in daim 3. wherein 
the output characteristic adjustment means com- 
prises at least two terntinals arranged in the pri- 
mary winding of the servomotor and the control 
means shortens ttie length of winding that the pri- 
mary winding utilizes by selecting the tenminals. 
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